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ABSTRACT

Recently proposed low energy neutral atom (LENA) imaging techniques use a collisional process to
convert ihe low energy ncutrals into ions betore detection. At low energies, collisional processes limit the
angular resolution and conversion efficiencies of these devices. However, it the intense ultraviolet light
background can be suppressed, direct LENA detection is possible, We present results from a series ol
experiments designed to develop a novel filtering structure based on free-standing transmission gratings. 1f
the grating period is sutficiently small. tree standing transmission gratings can be employed 1o substantially
polarize ultraviolet (UV) light in the wavelength range 300 A to 1500 A 1f a second mating s placed
hehind the first grating with ity axis of polarization oriented at a night angle to the first’s, a substantiad
attenuation of UV adiation s achievable. The neutrals will pass through the remaining open area of two
gratings and be detected without UV background complications, We have obtained nominal 2000 A
period (1090 A bars with 1000 A siits ) free standing, gold transmission gratings and measured their UV
and atomie transtmission characteristics, The geometnie factor of a LENA imager based on this technology
ix comparable to that of other proposed TENA imagers. Tnaddition. this type of inager does not distort the
neatral tryectories, aliowir g tor high angular resolution,

~ INTRQRUCTION

The potential tor low enersty nentral atom (LENA)Y iapmg to greatly merease our understanding
ot the plobal morpholopy and dynamics of the tetrestrial magnetosphere s becotng widely accepted in the
spiatce phystes community. 5 Hawever, the weehnical challenges myolved in manufactueing an effective
LENA unager are substantial. Phe two bippest obstacles are the expected very low FENA tHuxes and the
mtense ultraviolet dUVY backgronnd Y Alough indisect methods o detect T ENAS by removing them from
the UV cavitonment with a moderite Toss of imaging, resolution bave been proposed.® a1 ENA nnager that
clfectvely ptocks the TV backpronnd and petmiis direct detection of 100 ¢V o 10000 ¢V T ENAS will be
vapable ot producing mages wath both hgh temporal and laeh spatial resoluton. The sintheanee ol
detecting 100 ¢V onentead hvdiopen atoms v demonsteated w Bapore T T one assumes an optically thin
medne ndow nentrad ard 1on densitiesyand imtiadly cold neatrals, the neutral Hux as o lunction of enerpy,
b pven by the expression:

Fobddt - H”/'(T'\//‘)/lll‘ Vol (n

wheie 1oy s the won cacrey distobatton me the plasma, ng, s the neatial densiy, and o, o the enerpy
dependent chanpe exchange crass wection tor the teacuaon,
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This second layer becomes the support structure after an ultraviolet lithography and gold clectroplating
step. The grating substrate is then etched off, leaving a free standing gold grating and support struciure.
The suppon structure typically has a transparency between thirty and forty percent. Our particular grating
structure has a 2200 A period transmission grating, coasisting of 1500 A wide bars and 700 A wide spaces,
and a support structure transparency of 34%. The transmission grating bars arc S110 A dcep. These
characteristics were determined with a scanning electron microscope (SEM).  Based on these grating
characteristics. we expected an atomic transmission of 11.3%.

— support structure

Figure 2. Sehematic of the free standing gold grating structure,

To measure the atomic transmission of the grating, we placed the grating in a spatiallv uniform {0
keV proton beam. As shown in Figure 3, a microchannel plate (MCP) imaging system, consisting, of three
stacked MCPs and a position-sensitive resistive anode, was placed behind the grating to obtain a proton
ummated image of the grating (Fig. 4). Open holes were feft in the grating holder and the atomic flux
through the prating was compired (o he unimpeded flux. Figure 4 clearly shows that the atomic
transmission was not uniform across the pratng structure, Few atoms appear to be able 1o pass throupa the
center or the lower Ieft corner of the grating. For the regions where atoms could pass through, the
meiasored iomie ransmssion wis S4%,
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Figure 1 shows the expected neutral flux (cm? sr s eV)! versus energy from a plasma with a Maxwellian
ion distribution corresponding to a temperature of 3 keV, conditions similar o those observed in the Earth’s
plasma sheet. These substantial few 100's of ¢V hydrogen LENA fluxes cannot be observed by LENA
imagers that rely on collisional processes to separate the neutrals from the ambient UV.
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Figure 1. Neutral tux trom an optically ihin, ‘T = VeV plasmin as a function of neutral
cnerpy, normtlized o the Y keV neutral flux.

To remaove the UV from the LENA tHux, instead of removing the 1.ENAs from the UV tlux, we
propose to polanize the UV radiation with s subnieron, conductive transmission prating and then use a
second prating oricated with ity axas polarization perpendicular to the fiest, to etfectively eliminate the UV,
This approach, first suppested by Gruntman,® contmnes carlier work to suppress UV using diffrction
tiltering by submicton holes, A sipdicant fraction of the final surface arca will remain completely open,
allowing LENAS to pass throaph unimpeded. In fact, preliminia v measarements indicite o netopen area tor
the pratng par of 5% is attunabl,,

We have obtined one of these tansossion pratngs and have measuted ats atomic and LY
tinsmission properties, We have also modeled the UV trimsanssion of the pratmg numencally usig i
complete vector sunulation code T this paper we present our preliminary particle and UV tansmission
measurenients and compare thom espectively, o the measured bag and shits dimensions and the namcencal
simulation, We then desenbe the speatications, imceluding peometne Gictor, of G prating based TENA
unaper.

S PARTICLE MEASURLEMENTS

A complete pratmp consists of e support stoactine and the acal insmession peatine (Fiy .
The tunsnussion poanng v tormed hast asing o hologeaplie lithopiaphy technigue developed tor the
manubacte ol pratnys o the Advanced X oy Astrophysies Facillny (AXABR)Y satelie 10 Atter the
pratmyg s lommed on sohd ubsteate, an addiional photoresist Ever s then spuan over ds upper sfiee.



Afiter the atomic transmission image was obtained. the grating was examined under a high power
microscope. A thin, shiny film was visible on the grating surface and after the UV transmission
mcasurements, we returned the grating to the Massachuseits Institute of Technology Submicron Structures
LLaboratory where it was manufactured. Subsequent SEM examinaticn confirmed the presence of an
unknown layer of contamination on the grating surtace.!! We are currently in the process of obtaining a
unifonnly transmissive grating 10 continue these mea.surements.

The one dimensional aneutar resolution of the grating was determined by rotating the grating in
the beam and agreed with the calculated value of 8¢ based on the depth-to-width SEM measurement of the
slits

Figure 4. Proton illumimated image of the transmission grating showing i vagucly circufar
occlusion and poor transmisswon due to an unknown contunination kayer.

4 ULIRAVIOLLT MEASURLEMENTS

The ultraviolet trnsmission propertics of the grating were measvred using 4 deaterium lamp
contimnum source ovee the wavelen th range 150 0 190 nm (Fig, 5). To compensate tor the limited
dynamice range of the microchannel plae detector, we placed i number of calibrited filters between the
source ind the detector. With the filters we were able to cover 17 onders of magnitude of UV intensity tor
compatison with the pratings. e measared UV ansmission of the prating, was (4 0 D < 107, Using the
measured optical propetties of gold over the simme wavelength range, ' the numerical simalation predicted
A UV nansmission of b 10U (B o) whaeh closely aprees with our eopirical results, 11 the grating
only tunctioned as i polivizer an aticnuation ol 5.4 = 10 2 (44 < (20022000 < 0.5 ) would be intuitively
expected. But from the viewpomt ol the UV radeation, the gracep sactually a long conductive slit; thus
the pratimg alsoy functions s an unmatched wavegunde, This additonal wavepnnde etfect serves toiatenuate
the UV tlux cven futher, without atfectip the gonie tansmission. Althouph we e not vet able o
determime the depeee of polarcstion ol the UV sddiation thin exats the atng, the numetical simaolation
predicts a polanizagion approactne K05 Tor onn eeating. 1 should be noted that wire prds have been used
as polarzees tor many vears with exvellent resulrs P

The Ly (A LD mtensity attenuation sequined foran etlesnve low encrpy neatral iniaper s
on the ovder of 10174 grapalanon of the simmlation wesulis for the stple pratmg to two perpedicularly
onented 0 A pened pratmpes with 2000 A hits, vaelds anet attennation of 1y ol approamately 107
ity unpotazed 1y nadiaton, avammng enephipable phase shile ol cach polatzation campanent,
e tuding the 149 sensivity of MCPs o 1y, ™ anattensation of 107 appears achievable with the - anent
penetatton of patmgs Giatimy s wah 10000 A penods. which are ander devetopment, ' should canle each
the 1YY anenwnon poit Vhe sunulation does not cadealate e tnsmisston theoueh hoth - vatings
smultanconsty and the possthic ettes ool phirae stults of the tansmitted polanzzoon et the net att mgon
are soll beap cvanned  The possable eltects ot mechaneal imperlections methe pratimps on the ol
Altemiton e also bemp mvestpeated



MCP UV attenuator Deuterium lamp

Figure 5. Schematic of the UV transmission apparatus.
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Fipuie 6. Transmission versus wavelength results from the numerieal simulation for o 2200 A peciod
pratmg with /(X) A wide shis,
5 GRATING BASLED NEUTRAL IMAULR SPECUICATIONY
Assoming that sutficiently Laipe peatiogs van be manufactmed, an extenondinanly simple LENA

wapet can be constructed. AN that s tequired s acharped panticle rejecting colliniator, two hansmission
ertings, amd o mictochanuel plate stack with position sensitive anode (Bip. 700 As noted previously, cach



slot has a one dimensional angular resolution of 87, The intrinsic azimuthal and polar resolution of the
instrument is governed by the 8 % 8” resolution of each open region of the ransmission grating pair. The
collimator can serve the dual purpose of rejecting charged particles, by the application of voltages acro.s
cach collimator plates, and increasing the azimuthal resoluuon. 16 Because this type of LENA imager has
no energy resolution and incorporates thousands of individual pixels (the open areas remaining when the
gratings are oriented perpendicularly to cach other), the geometric factor (G, [cm? sr eV/eV], calculation
requires a slight mod fication:

G = Gpi.wl -number of pixels

Gpixel = 208" —— A = 2ae Aas (2)
K

number of pixels = %2,

where a is the area of cach pixel, Aacis the solid angle accepted by each pixel, A is the total area of grating,
P is the peniud of the two identical transmission gratings, and € is the transmission of the support mesh.
The total counts, C, recorded by the detector are given by:

”

C - G- FndE, (3)

X . . N 3y . . .
vhere 1 is the detector etficiency and F is the neutral flux in fen< s sr eV 1 Based on a collimator with a
42 azimuthal acceptance, the calenlated 87 polar acceptance of two gratings, and the measured aperture area

ofd49 < 10 S
2
G- 4.4.\'1’11((‘{")(47‘ yo(4E S ) = 0.0005A 4)
180 p-

Note that the term,

is also the measured particle transmission of a single grating (fraction of open arca times the support
stracture transparency). Although the individual gratings, as currentdy manufactured, are not very large, we
anticipate being able to group enough peatings together o create an aperture area of 1040 cme. The resulting
geometnic factor is (LOS. Not ondy is the geometric factor of a grating based LENA nnager comparable to
other proposed TENA nn;uzcr\.“‘ the toral counts available for imaging are a tunction of the rmtegrated
neutral Mux from less than 100 ¢V o 1O of keV. The count rate of a polarizing grating LENA imager wil
therefore be many tmes targer than other proposed TLENA ilnugcr\'.* T efiect, the grating-bascd imager 15
a pimhole camera and thus no additonal hardware s needed to ascertain the trajectory of the incident
1ENA. The output ot the inaging MCP detector can be directly converted into an useful image. Because
of its stmple design and compact size, the 1ot miass and power requirements ol e grating-based imaper are
also o fractuon of other LENA imager coneepts,

Ihe mabidity of this tvpe of imaper to obtiun neuteal inyes tor dilferent enecrpy bands, a
dehictency which cotrld seriously hamper analysis ot the images, can be corrected with some addivonal
technrques already proposed tor neotral maging 1A thin carbon toil could be placed i front ot the MCF
detector as shown m tipre X0 Electrons produeed at the tonl sitace conld be used as start palses und the
MCE output as astop pulse. Actoss many of the cnerey tanges and reptons of interest, magnetosphenie
neuttals ave predomimantly 1Y ! TIOR8 and o stmple time ot theht cacuit could be used to pate the MCP
oulput it encrpy bands, Becaose the UV Hux has abieidy beenreduced By o tacton o 108, Start pulse



production due to UV photons will be insignificant.> For LENAs with energies above 5 keV the ioss of
angular resolution resulting trom scattering in the foil will be negligible, but for LENAs below | keV the

loss of angular resolution wil! be substantial.1®

Collimator

Figure 7. Grating based LENA imager including a collimator, two crossed gratings, and an

imaging MCP detector.
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Figure 8 Same prating based LENA mnager with thin foil added to penerate start pulse tor

cnerpy analysis,



6. DISCUSSION

Our preliminary measurements indicate that a grating-based LENA imager utilizing current
technology is feasible. Because of its simple and compact design, a graling-based LENA imager bas
significant advantages over other proposed LENA imagers. The addition of a thin foil for energy
information can also provide coincidence measurements.  This additional information will be especially
useful for eliminating the UV photons events resulting from the use of a grating pair with UV attenuation
less than 1010, We intend to continue our atomic and UV transmussion studies of these gratings and assist
the M.L.T. Submicron Structures Laboratory in the production of uniformly transmissive gratings. We are
also assembling the necessary cquipment for polarization and transmission studies using monochromatic
UV radiation.
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